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Mechanized dirt-moving eocuipment has greatly increased the scope of 

- prospect trenching by lowering the costs and increasing the speed of such 
work. Where the soil covering was more than 3 or-4 feet deep » Operators 
were quickly discouraged and abandoned surface exploration in favor of 
shaft sinking, drifting, or diamond drilling; wilitat. trenching was seldom 
undertaken, even where the soil covering was thins: Although power shovels, 
trench diggers, end draglines are useful under special - ‘conditions, cater- 
pillar-mounted anglecdozers will usually do the same type of work and have 
a far wider range of adaptability, They are therefore incomparably the 
most generally useful. equipment for the purpose, - 


Since 19359 the Bureau: of Mines has been engeged in a widespread search 
for minerals useful to the war program; this work required a great deal of 
ploneer exploration in areas where known outcrops were marginal or sub- 
comercial by pre-war standards. Engineers in charge of field operations 
were quick to perceive the applicability of mechanized trenching on a 
fairly large scale, particularly in the Northwestern States, where com- 

_ pletely exposed vein-outcrops are rare. Probably.no other organization 

_ to date has done a comparable amount of angledozer prospect trenching under 
such a wide range of conditions. The following comments and, eccompanying 
cost tables are based on work performed chiefly in Idaho, under a variety 
of physical and climatic conditions, The most important applications of 
the angledozer for such work may be described uncer three heads; 


(1) Quick and cheap preliminary eeplceat 16a of prospects — which 
the surface exposures are good enough to arouse some interest 
but which do not warrant diamond drilling or other form of under- 
ground exploration, Very frequently a few hours or a few days 
of work with an.angledozer will either eliminate the need for 
further consideration or justify a more expensive program, 

(2) Tracing of veins or other ore structures as a guide to under- 
ground exploration. 

(3) Trenching of areas in which there tg good reason to sigaeet the 
existence of. ck a but in which there are no outcrops. 

The value and: gcope of: this work may be. Ariusteates most clearly by 

a few specific examples. The job references are to the job numbers given 
in the cost. tables accompanying this Papen: 


1 .The Bureau of Mines will: ‘welcome reprinting oF this paper, provided 


the following footnote is used: “Reprinted from Bureau of Mines 
Information Circular 7294." 
2/ ‘District engineer, Western Region, Bureau of Mines, Moscow, Idaho. 
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Jobs 1 and 2 were undertaken to investigate a few outcrops of stib- 
nite-bearing quartz veins on a grass: and brush-covered hilltop. Several 
caved prospect pits and a few-‘short- ‘edits, driven many-years before, had 
fatised to. prove continuity: between-—the- outorops... The results. of. the first 
few days of trenching were encouraging. Approximately 3, 500 linear feet 
of trenching, at a direct cost ‘ofLess than $1,000,. reatted in proving 
one 500-foot ore shoot and several shorter ore shoots along a 2,000-foot 
zone, Within a few months. the owner -waa. shipping high-grade antimony ore, 
Shipments continued for eeverat coe ee ue ead a when ce was 
considered “atrategic." ey | 


‘Job 3 was andeetanee te actermine ‘the evheat saa aie: of a ‘deposit 
of disseminated antimony ore, which had been. exposed by. erosion at only 
one point. The surrounding surface was ‘soll-covered, and the underlying 
rocks were decomposed - ‘for 10 to 20 feet below ‘the. surface. A deep side- 
"hill cut was required to reach unoxidized ore. The showing made warranted 
drilling, , which ultimately nee to. cea! of a are Eo of high- grate 
tungsten-antimony ore. 


The first part of ae 7 senatetea of ¢eadhina for the pie sects 
extension of a lode of cobalt-copper ore, which had been partly explored 
by underground workings. ‘The first results were discouraging; but a little 
; wildcatting made possible -by the equipment led to.the discovery of a much 
i ‘larger, parallel lode, on: which some diamond drilling was believed tobe 
warrarited,: The drilling’ in turnresulted in the. iad of a third lode, 
wHich proved “of comer aeee Smportenee 
tat “Other: lgvidarbse: of. similar ttinéralization existed over several. square 
a miles; but the surface was entirely: ocvered with 3 to 1Q-feet.of soil and 

a heavy stand of Yodgepole - -pine.': Outcrops were practically nonexistent, 
‘and the ore was oxidized so deeply that subsurface exploration: was necesser, 
to determine metal content. ‘Thorough exploration by drilling would have 
entailed prohibitive costs. Consequently, large-scale trenching operations 
‘were carried on coincidentally with:drilling. The purpogse‘of this trench- 
ing was, first, to eliminate as: much weakly mineralized area: as possible 

" arid 5 ‘second, to permit wider spacing of drill holes in the most favorable 
“areas. By’ ‘trenching to expose the. strong gosean ahead of drilling opera- 
tions, it was possible to’ locate holes to the best advantage. and, at the 
same +tme’; ; to obtain visual evidence of the continuity ofthe ore structure 
between’ rather’ widely spaced drill “holes. ‘This resulted™in-8 gtegt saving 
of high-cost drill HOOEARS. vant’ Set aata a fairly fesse)? ee 
estimate ‘of ore tonnage. ae , ey 


Jobs 8 and 9 were lilt vivieattite senna <6 Aisclose 
mica-bearing pegmatites: in a brush- and tree-covered area of 1 to 2 square 
“miles, where valuable deposits of mica:had been discovered at several widel 
separated points. The erratic habits of pegmatites nullified any attempts 
at systematic- planning. Nevertheless, it was possible to track down 4_ 
number of: hitherto unknown mica pegnatites.. Several contained mica ore 
shoots of commercial: importance. The first ore shoot eee is producing 
mica, and — ae ig still in eee 
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The other jobs listed were similar to one or another of those that 
have been described, No. 4 exposed a small tonnage’ of marginal-grade 
tungsten ore; No. 5 resulted in discovery of a‘small but high-grade copper 
ore shoot, which was ‘immediately mined; and No. 6 gave positive informution 
that will be useful in planning drill operations during the coming season, 


The experience gained in this work permits several statements to be 
nade regarding the most efficient selection and use of equipment. For 
work of this nature, no decided preference was formed for any make of 
machine; the condition of the equipment and the ability of the operator 
are much more important. Under most conditions, a heavy machine is cheaper 
than a light one. This is well-illustrated by jobs 1 end 2, where the 
lighter machine, at a lower rental rate, cost nearly twice as much per 
cubic yard under identical conditions (table 4); the difference would 
rave been greater tn heavy brush or in timber. Jobs 8 and 9 gave nearly 
the seme cost per yard for a heavy and a light machine on the same project: 
however, the heavy machine was used to clear the way through brush and timber 
wnile the lighter machine was used chiefly for clean-up work. In very rough 
country the heavier machines, with more power, can climb hills where a 
lower-powered machine cannot fcllow. 


Under most conditions the hydraulic-operated blade is better for 
prospect trenching than the cable-operated blade. Although many general 
contractors prefer the cable-operated blade. because of mechanical simpli- 
city, the hydraulic blade control provides the power needed for positive 
digging into the trench bottom, 


. The ideal conditions for angledozer trenching are on bare or grassy 
Slopes of 20° to 30° , where the overburden is 5 to 10 feet deep. By trench- 
ing along the contours, or at a slight down-hill angle across them, the 
operator can side-cast the soil with minimum waste motion, Steep slopes 
with less than 4 or 5 feet of soil cover require trensportation of dirt 
to build up a roadway; this results in a tremendous lowering of efficiency. 
The angledozer is an efficient dirt mover only when the distance moved is 
very short. This fact also limits the efficiency of the angledozer when 
trenching on gentle slopes or level ground. If the slope is too gentle 
to permit side-casting, all dirt must be pushed out one end of the cut;. 
this limits the economic length and depth of the trench, Nevertheless, 
very good efficiency can be obtained on level ground if the cuts ere less 
than 5 feet deep. Trenches up to 10 feet deep and 100 to 300 feet long 
have been dug in level country at a reasonable cost, 


Trees up to 6 inches diameter, if not too closely spaced, can be 
efficiently cleared by the heavier (60-hp. or over) machines. Larger 
tinber cr very dense growths of light timber should be partly cleared by 
hand and the stumps blasted. Hardpan, partly decomposed bedrock, and 
large. interlocked boulders or rocks require preliminary blasting if the 
argledozer is to be used at its greatest efficiency. The relatively high 
cost per yard of job 6 was due largely to digging partly decomposed bed- 
rock and frozen over-burden without blasting.. On the other hand, the cost 
Per yard of job 3-was nearly average, even though more than 25 percent of 
the material moved was rock in place. Much of this rock was so thoroughly 
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decomposed that it could have been moved by the angledozer without pre- 
liminary blasting; however, the efficiency of the equipment would have 
been greatly reduced and the over-all cost increased. 


It is frequently necessary to clean the trench bottom by hand or 
even to sink shallow hand trenches below. the bottom of the dozer trench. 
However, this work can be closely limited to places where ore. structures 
intersect the main trench. It is also advisable to have an observer 
always on hand when the angledozer is digging near bedrock. Otherwise, 
important indications may be exposed and then covered again before they 
are recorded. 


The accompanying cost tables3/ give only the direct cost of prospect 
trenching because it is believed that this will afford the best basis of 
comparison. Overhead-cherges, transportation, and preliminary excavaticns, 
such as access trail construction, ciffer in nearly. every cage, Further- 
more, the equipment is ordinarily used for other purposes, such as heuling 
supplies beyond the limits of truck transportation, excavating diamond- 
drill stations, snow removal, etc. On pioneer operations a tractor-dezer 
for general utility uses has become almost indispensable. 


TABLE 1. - Equivment and rental 


Approx. | | | 
drawbar| Type . _ | Rental 
| hp. ' blade rate! 
Job No, Make Model |rating !|control | Rental basis | per ir. 
i International TD-4O [33-45 | Hydraulic] Fully operated > oe 
. Caterpillar | D-2 ase do do $2.2) 
3 {International |Tp-ho | 33-45 do | do be 2 
, |Caterpillar | | D-7 &0- | Cable | Machine only 93° el 
Allis Chalmers KO 54 | Hydraulic do | $0. 
5  |Allis Chalmers’ | S.O S7 | nydraulic Fully operated! toe CO 
6 Cletrac2/ . ALTOS): 95 do |Machine only | $4.00 
. ee $9,934) 
it Caterpillar D-6 oy | do | do 36.50. 
8 Allis Chalmers4/| HD- 7 60 | do - | pully operated: ( ye 
9 Caterpillar LO uxe | Cable | Machine only |e 


Rental includes repair maintenance, 

In most -cases rental is per hour of actual operation. 
e/ Gasoline powered. 

3/ At flat rate per month. 

4 / Equipped.with winch. 


+ noeTd 
f engeet 
3/ The writer wishes to acknowledge the assistance given by oe nd 0c" 


of the Idaho District Office, Bureau of Mines, in col 1e° ze 
piling the data given in the tables accompanying this: papers 
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The foregoing data show that prospect trenching by angledozer may be 
done at from one-half to one-tenth the cost of hand trenching per Linear 
foot and at imcomparably greater speed. The greater width of the trench 
bottom permits much better observation of geologic structure and more 
accurate sampling of any veins or lodes exposed. Furthermore, the trenches 
will remain open to inspection. for much’ longer periods. These factors hve 
greatly increased the usefulness of trenching as an aid to preliminary ex- 


ploration in soil- covered areas. 


Most of the outcrop discoveries in mining districts of Western States 
were made between 1860 and 1900. A considerable, but rapidly diminishirg, 
number were made between 1900 and 1920, but very ’ Few new discoveries have 
since been made. It is concluded that most exposed vein outcrops in this 
region have been discovered, but that additional: outcrop discoveries will 
result from the more general use of mechanical trenching equipment. 
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